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(57) ABSTRACT

Embodiments of radiographic imaging systems and/or meth-
ods can monitor the state of calibration of a digital x-ray
detector, the detector including a solid state sensor with a
plurality of pixels, an optional scintillating screen and at least
one embedded microprocessor. In one embodiment, a method
can use a computer or the embedded microprocessor or both,
for setting a calibration operating mode of the portable detec-
tor; taking a plurality of dark images in the calibration mode;
determining a dark difference image between pixel readings
between two of the plurality of dark images; identifying pix-
els in the dark difference image that differ by over a threshold
amount from at least some surrounding pixels in the dark
difference image as defective pixels.
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1
SELF CORRECTING PORTABLE DIGITAL
RADIOGRAPHY DETECTOR, METHODS
AND SYSTEMS FOR SAME

FIELD OF THE INVENTION

This invention generally relates to digital radiography
(DR) imaging and more particularly relates to DR detector
calibration and/or recalibration.

BACKGROUND OF THE INVENTION

Digital Radiography (DR) detectors directly transform
received exposure energy to digital image data. These detec-
tors commonly contain an array of light sensitive picture
elements, or pixels, arranged in a matrix of rows and columns
and a scintillator, consisting of a material, such as gadolinium
oxysulfide, Gd202S:Tb (GOS) or cesium iodide (Csl), that
absorbs x-rays incident thereon and converts the x-ray energy
to visible light photons. In some configurations, the scintilla-
tor is in direct contact with the light sensitive array. The array
of light sensitive elements can be any type of solid state
sensor, such as a flat panel detector, a charge-coupled device,
or CMOS detector. The light sensitive material converts the
incident light into electrical charge which is stored in the
internal capacitance of each pixel. The magnitude of the
stored electrical charge is related to the intensity of the
excited light, which is, in turn, related to the intensity of the
incident x-rays. The radiation image exposures captured on
radiation-sensitive layers are converted, pixel by pixel, to
electronic image data which is then stored in memory cir-
cuitry for subsequent read-out and display on suitable elec-
tronic image display devices.

Much like video sensors and other types of two-dimen-
sional solid state image detectors, DR detectors include sev-
eral thousands of picture elements, or pixels. Inevitably, some
number of pixels is found to be defective. Compensation
techniques such as defect mapping and corrective image pro-
cessing allow the use of DR detectors having defective pixels,
provided that such pixels can be detected (e.g., number is
relatively small) and proper steps taken for correcting the
image.

Defect mapping and correction procedures are commonly
coupled with gain and offset calibration, which compensate
for pixel-to-pixel variations in sensitivity and dark current.
The most basic calibration and correction algorithms gener-
ally include two steps as taught by James A. Seibert, John M.
Boone, and Karen K. Lindfors in “Flat-field correction tech-
nique for digital detectors,” Proc. SPIE Vol. 3336, 1998, p.
348-354. First, the dark signal of the detector (that is, the
signal in the absence of any x-ray exposure) is obtained. Pixel
by pixel variations in the dark signal of the detector are
characterized to form a dark or offset map containing the dark
variations. The offset map is then subtracted from the x-ray
exposure in a process termed dark or offset correction. Sec-
ondly, variations in the sensitivity of the pixels are character-
ized. This is done by capturing one or more flat field expo-
sures, which are then offset-corrected. The resulting image is
the gain map. In the gain correction step, the offset-corrected
x-ray exposure is divided by the gain map. Ideally, this two-
step procedure compensates for any fixed pattern noise intro-
duced by the detector.

Defect identification methods often explore anomalies in
the gain and offset maps produced during calibration, for
example by identifying pixels with gain and offset values that
differ significantly from their surroundings, and by setting
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2

upper and lower thresholds for allowable values in gain and
offset maps, to update the defect maps for a given detector.

Examples for this type of defect identification are given in
ASTM Standard E2597, “Standard Practice for Manufactur-
ing Characterization of Digital Detector Arrays™ (2008) and
U.S. Pat. No. 7,602,951 by Hsieh et al., “Method and system
for providing defective cell correction in a medical imaging
device”. Thus, periodic recalibration can help to manage
defective pixels with related art DR detectors and can help to
produce corrected images with few, if any, visible defective
pixels.

Related art DR detectors generally accumulate few addi-
tional defective pixels over time and require infrequent reca-
libration. These detectors are often permanently mounted on
awall stand, in an examination table or some type of gantry or
other type of adjustable framework that provides a secure
mechanical mount (e.g., or tether) for positioning the detector
behind the patient and at a proper disposition with respect to
the x-ray source.

Because of normal and rough handling of portable radio-
graphic detectors, the required intervals between calibration
procedures, needed for maintaining suitable image quality,
are less predictable for fully portable detectors. One solution
would be simply to require more frequent calibration for these
units. Calibration could thus be required, for example, after a
certain number of images were taken. However, this type of
arbitrary interval negatively impacts productivity. Most cali-
bration procedures require x-ray exposures and therefore
radiology staff time and attention and each calibration
reduces the overall utilization time of the DR detector.

Clearly, there is a need to monitor the calibration state of
the detector during regular clinical operation and to alert the
user when calibration is needed, but calibration effectively
disrupts operator workflow and increases access time for
obtaining the current fully corrected clinical image. This dis-
ruption and time loss may be unacceptable in many clinical
environments. In critical situations, such as in the emergency
room or intensive care unit, for example, valuable time would
be lost. Methods have been disclosed for updating defects
exclusively from dark images, which can be done without
operator intervention and while the detector is idle. See for
example, May et al. in U.S. Pat. No. 6,693,668 titled “Self-
diagnostic image sensor” or U.S. Pat. No. 7,362,916 by
Yamazaki, entitled “Radiation imaging method, radiation
imaging apparatus, computer program and computer-read-
able recording medium”. Other methods have been disclosed
that identify new defects directly from radiographic images,
which can also be done without operator involvement. See for
example, US patent application US20070165934A1 by Maac
and Kloessner entitled “Device and method for correcting
defects in x-ray images” or U.S. Pat. No. 6,919,568 by
Odogba et al., entitled “Method and apparatus for identifying
composite defective pixel map”. However, these methods are
generally more computationally intensive and not 100% reli-
able because the defects have to be identified within the image
content. This overhead affects every captured image and may
increase image access time.

In summary, while there are some indications that related
art pixel defect detection methods may perform well enough
when used within more permanent DR detector installations,
these same methods do not appear to successfully address
particular requirements and workflow of the portable DR
detector. There is, thus, a need for improved defect identifi-
cation and correction for portable DR detectors.

SUMMARY OF THE INVENTION

Accordingly, itis an aspect of this application to address in
whole or in part, at least the foregoing and other deficiencies
in the related art.
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It is another aspect of this application to provide in whole
or in part, at least the advantages described herein.

It is another aspect of this application to provide a radio-
graphic imaging apparatus and/or methods that can provide a
calibration mode operating to perform field calibration
updates without operator intervention.

It is another aspect of this application to provide a radio-
graphic imaging apparatus and/or methods that can provide a
calibration mode using dark imaging characteristics of pixels
in a radiographic imaging array to determine defective pixels.

It is another aspect of this application to provide a radio-
graphic imaging apparatus and/or methods that can provide a
calibration mode using dark difference images, dark current
saturation or dark current lag of pixels in a radiographic
imaging array to determine defective pixels.

It is another aspect of this application to advance the art of
diagnostic imaging, particularly as related to the use of por-
table digital radiography detectors.

In accordance with one embodiment, a method for moni-
toring the state of calibration of a digital x-ray detector, the
detector including a solid state sensor with a plurality of
pixels, a scintillating screen and at least one embedded micro-
processor, the method including using a signal processing
device, that can include setting a calibration operating mode
of the portable detector; taking a plurality of dark images in
the calibration mode; determining a dark difference image
between pixel readings between two of the plurality of dark
images; identifying pixels in the dark difference image that
differ by over a threshold amount from at least some sur-
rounding pixels in the dark difference image as defective
pixels.

In accordance with one embodiment, a system for moni-
toring the state of calibration of a digital x-ray detector, the
detector including a solid state sensor with a plurality of
pixels and at least one embedded microprocessor, the system
can include a computer operable during normal diagnostic
use of the detector for accessing a digital image including
digital image data of the detector; the at least one embedded
microprocessor configured to set a calibration operating
mode of the portable detector; means for initializing the por-
table detector in the calibration mode and taking a plurality of
dark images in the calibration mode; the at least one embed-
ded microprocessor or the computer configured to determine
a dark difference image between pixel readings of two of the
plurality of dark images and identify pixels in the dark dif-
ference image that differ by over a threshold amount from at
least some surrounding pixels in the dark difference image as
defective pixels.

These objects, features, and advantages are given only by
way of illustrative example, and such objects may be exem-
plary of one or more embodiments of the invention. Other
desirable objectives and advantages inherently achieved by
the disclosed invention may occur or become apparent to
those skilled in the art. The invention is defined by the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages
of the invention will be apparent from the following more
particular description of the embodiments of the invention, as
illustrated in the accompanying drawings. The elements of
the drawings are not necessarily to scale relative to each other.

FIG.11s a schematic diagram that shows the architecture of
a radiographic system using a portable DR detector.

FIG. 2A is a diagram that shows a perspective, partial
cutaway view showing a portion of a related art DR detector.
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FIG. 2B is a diagram that shows a schematic of a portion of
a related art DR detector imaging array.

FIG. 3 is a plan view that shows a portion of a radiographic
clinical image.

FIG. 4 is alogic flow diagram that shows a method embodi-
ment for calibrating a digital radiographic detector.

FIG. 5 is a logic flow diagram that shows an exemplary
method embodiment for field calibration for a digital radio-
graphic detector.

FIG. 6 is a logic flow diagram that shows another exem-
plary method embodiment for defect identification from dark
calibration images for a digital radiographic detector.

FIG. 7 is a logic flow diagram that shows another exem-
plary method of defect identification for calibration for a
digital radiographic detector.

FIG. 8 is a logic flow diagram that shows yet another
exemplary method embodiment for defect identification from
dark calibration images for a digital radiographic detector.

FIG. 9A and FIG. 9B are logic flow diagrams that show
exemplary embodiments of the defect identification opera-
tions for a digital radiographic detector.

FIGS. 10A and 10B are logic flow diagrams that show
exemplary method embodiments for defect identification for
calibration of a digital radiographic detector.

FIG. 11 is a logic flow diagram that shows another exem-
plary method embodiment for defect identification for cali-
bration of a digital radiographic detector.

FIG. 12 is a plan view that shows a portion of a radio-
graphic clinical image corrected with a defect map update
according to an embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following is a description of exemplary embodiments,
reference being made to the drawings in which the same
reference numerals identify the same elements of structure in
each of the several figures, and similar descriptions concern-
ing components and arrangement or interaction of compo-
nents already described are omitted. Where they are used, the
terms “first”, “second”, and so on, do not necessarily denote
any ordinal or priority relation, but may simply be used to
more clearly distinguish one element from another.

An embodiment of a digital radiographic (DR) imaging
system and particular features for a portable DR detector are
described with reference to FIG. 1. The schematic diagram of
FIG. 1 shows, at a high level, an architecture of a radiographic
imaging system 100 that can use a portable DR detector 10.
An x-ray source 60, with a supporting generator 64 and a
generator interface 66 directs radiation toward a patient or
other object 62 and toward DR detector 10. Components of
DR detector 10 can include a scintillator screen 14 that
responds to the radiation by emitting light to a flat-panel
detector (FPD) 20 that is a two-dimensional array of sensing
pixels. Row and column readout elements 25, can obtain the
sensed data under control of commands from a control logic
processor 70, such as an embedded microprocessor. In addi-
tion the detector can contain an embedded image processing
unit, 90, for processing the acquired data and internal or
removable storage, 92, for storing acquired and processed
data. Output image data can be provided to an external host
computer 80 over a data link, such as a wireless interface 72
in the embodiment shown. A cable connection could alter-
nately be supplied for this data link. Data can originate
directly from the readout unit 25, the image processor, 90, or
the storage unit 92. An external power supply 74 or on-board
battery 76 provides source power to a power regulator 78.
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Optional sensors 82 can be provided for shock, temperature,
and device orientation. Shock sensor 82 can be used for
monitoring mechanical shock to the detector. For example,
shock detection can be used by control logic processor 70 to
alert a system user to conduct a calibration of the detector
when a preselected shock threshold value has been exceeded.
Temperature detection can operate similarly to signal needed
calibration of the detector when a preselected upper or lower
temperature threshold value has been exceeded. Either or
both, shock and temperature events can lead to loss of cali-
bration of the detector. In the embodiment of FIG. 1, host
computer 80 has a wireless interface 84 or other suitable
interface for cabled data connection, for example 100base-T
Ethernet, control circuitry 86, and image correction and cali-
bration circuitry 88 for control and processing of image data
such as obtained from DR detector 10. A display screen (not
shown) can be provided for viewing image data and for
reporting information relevant to DR detector 10.

The perspective view of FIG. 2A shows a partial cutaway
view of'a small edge portion of DR detector 10 of the indirect
type. A scintillator screen 14 responds to incident x-ray radia-
tion by generating visible light that is in turn detected by a flat
panel detector 20. Detector 20 has a two-dimensional array
having many thousands of radiation sensitive solid-state sen-
sor pixels 24 that are arranged in a matrix of rows and col-
umns and are connected to readout element 25. Readout
element 25 can include an ASIC (Application-Specific Inte-
grated Circuit) or ASIC chip. As shown at enlarged section E,
each pixel 24 has one or more photosensors 22, such as a PIN
diode or other light-sensitive component, and an associated
switch element 26 of some type, such as one or more thin film
transistors, or TFTs. To read out image information from the
panel, each row of pixels 24 can be selected sequentially and
the corresponding pixel on each column can be connected in
its turn to a charge amplifier (not shown). The outputs of the
charge amplifiers from each column can then be applied to
ASIC chips and related circuitry that generate digitized image
data that then can be stored and suitably image-processed as
needed for subsequent storage and display. In one embodi-
ment, flat panel detector 20, photosensors 22, pixel 24, read-
outelement 25, and an associated switch element 26 can form
the imaging array.

FIG. 2B is a diagram that shows a schematic of a portion of
an imaging array for a radiographic detector. As shown in
FIG. 2B, a schematic of a portion of an exemplary flat panel
imager 240 can include an array 212 having a number of
a-Si:Hn-i-p photodiodes 270 and TFTs 271. Gate driver chips
228 can connect to the blocks of gate lines 283, readout chips
230 can connect to blocks of data lines 284, and bias lines 285
can connect to a bias bus or variable bias reference voltage.
Charge amplifiers 286 can be provided that receive signals
from the data lines. An output from the charge amplifiers 286
can go to an analog multiplexer 287 or directly to an analog-
to-digital converter (ADC) 288 to stream out the digital image
data at desired rates.

The term calibration includes but is not limited to typical
elements of the detector flat-field calibration known in the art
(James A. Seibert, John M. Boone, and Karen K. Lindfors in
“Flat-field correction technique for digital detectors,” Proc.
SPIE Vol. 3336, 1998, p. 348-354; by Jean-Pierre Moy and B.
Bosset in “How does real offset and gain correction affect the
DQE in images from x-ray flat detectors?”” Proc. SPIE, 3659,
1999, pp. 90-97). The most basic calibration and correction
algorithms generally include 3 steps. First, the dark signal of
the detector (that is, the signal in the absence of any x-ray
exposure) is obtained. Pixel by pixel variations in the dark
signal of the detector are characterized to form a dark or offset
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map containing the dark variations. The offset map is then
subtracted from the x-ray exposure in a process termed dark
or offset correction. Second, the variations in the sensitivity of
the pixels are characterized. This is done by capturing one or
more flat field exposures, which are then offset-corrected.
The resulting image is the gain map. In the gain correction
step, the offset-corrected x-ray exposure is divided by the
gain map. Finally, defective pixels in the image are removed
by interpolating their values from neighboring good pixels.
Ideally this three-step procedure compensates for any fixed
pattern noise introduced by the detector. In portable detectors
additional offset corrections may be necessary, such as those
described in U.S. Pat. No. 7,832,928B2 “Dark correction for
digital X-ray detector” by K. Topfer, R. T. Scott and J. W.
Dehority.

FIG. 3 is a plan view that shows a portion of an x-ray flat
field image corrected with an original defect map (e.g., fac-
tory). As shown in FIG. 3, a defective line segment 310 and
darks clusters including dark areas 320 are visible in the
image. In FIG. 3, the flat field portion is an exemplary 600x
700 pixel crop, at 1x magnification.

A method embodiment for calibrating a new portable
detector will now be described. As shown in FIG. 4, first
detector calibration can be calibration procedures performed
initially or factory calibrations. Factory calibration can
include acquiring a large number of images (e.g., dark and flat
field) with different exposure and operating characteristics of
the detector (e.g., internal operating cycles of the detector,
such as voltages and timing, integration times, frame rates,
exposure levels, temperature) and/or exposure intervals and
then saving and/or processing (e.g., averaging, combining,
statistical analysis, frequency filtering, thresholding) the cap-
tured images to produce a new set of images that represents
the calibration maps (e.g., images). Certain exemplary
embodiments can modify and/or combine the captured
images or the set of calibration images so that less calibration
data needs to be maintained, for example, stored by the detec-
tor.

For example, taking one dark image at the detector can
obtain a rough approximation of pixel offset for the detector.
However, taking and averaging 100 dark images (or any other
integer number greater than one) can obtain a better and less
noisy approximation of pixel offset for the detector. In this
example, all 100 dark images may not need to be saved, but
only a single averaged image can be saved.

As shown in FIG. 4, calibration data is captured at the
factory (or field site) from a radiographic detector (operation
block 405). Processor logic to average 100 images can be
done by the detector itself. Alternatively, averaging could be
done as additional exposure characteristic data images are
acquired to reduce processing time and/or memory use. Alter-
natively, all of the images could be transferred to an external
processor such as at portable computer (PC) or imaging sys-
tem console, which would perform all the logic and then store
or transfer the calibration data (e.g., a single or smaller set of
averaged or combined calibration images) back to the detec-
tor (operation block 410). In one embodiment, this calibration
data (e.g., operation block 405, 415, 420) can be permanently
saved for safe keeping at a remote site (e.g., manufacturer site
or networked site) in case there is a memory failure of the
detector in the field (e.g., removable medium or memory
storing this information).

Optionally, calibration forming data (e.g., dark and/or flat
field images) can be transferred from the detector to a PC,
under the assumption that a PC is being used to do factory
calibration analysis (operation block 410). As shown in FIG.
4, the calibration maps, e.g., gain, offset and defect maps, can
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be created from the captured calibration images at the detec-
tor (operation block 415). Exemplary calibration map gen-
eration is known to one of ordinary skill in the art of medical
radiographic imaging. Then, the calibration maps (e.g.,
images) can be stored, for example in non-volatile memory,
and preferably at the detector. In one embodiment, when the
calibration maps (or a portion thereof) are not generated at the
detector, the calibration correction data can be transmitted
back to the detector (operation block 420). Certain exemplary
embodiments can perform all factory calibration logic at the
detector, which can eliminate operation blocks 410 and 420.

Detector calibration can also be performed periodically or
repeatedly after an initial calibration (e.g., factory calibra-
tion). For example, subsequent detector calibration can be
performed at a remote or customer site. Operation blocks 425
to 445 can be performed at the remote site.

As shown in FIG. 4, additional calibration images (e.g.,
dark and/or flat field calibration images) can be acquired
(operation block 425). In operation block 425, additional
processing/logic can be performed on the calibration data to
reduce time needed to acquire images. In operation block
425, additional detector calibration can be calibration proce-
dures performed subsequently and can include acquiring a
number of additional images (e.g., dark and flat field) with
different exposure or operating characteristics of the detector
(e.g., internal operating cycles of the detector, such as volt-
ages and timing, integration times, frame rates, exposure
levels, temperature) and/or exposure intervals and then sav-
ing and/or processing (e.g., averaging, combining, statistical
analysis, frequency filtering, thresholding) the captured
images to make a new set of images that represents the
updated calibration maps (images).

As shown in FIG. 4, the storage of acquired additional
calibration information can be the actual captured images or
the output of'a logic processing or combining/averaging func-
tion, (e.g., that itself can look like another image). The
updated calibration images and/or correction data can be
stored on the detector (operation block 435) or removable
memory. Alternatively, the images can be transferred to a host
computer PC, where the calibration processing is done, and
then the final calibration information is stored and/or trans-
ferred back to the detector for storage (operation blocks 430-
435).

Then, the detector can be used for radiographic imaging,
preferably at medical facilities or customer locations (opera-
tion block 440). Subsequently, an event can occur (e.g., initial
registration, time elapsed, number of exposures elapsed,
detector dropped, etc.), and processing can indicate that
another calibration, performed by the user, is required or can
automatically be performed by the detector (operation block
445). Operation blocks 425-445 can be repeated.

Certain exemplary system and/or method embodiments
can provide pixelwise computation (e.g., tracking of pixel
performance) in a DR x-ray detector in order to monitor a
state of calibration of the detector. In one embodiment, trap
behavior of non-crystalline semiconductor material can be
used without x-ray source emission (e.g., dark images or
using a dark operation mode) to identify newly defective
pixels. In one embodiment, defective pixels can be identified
by taking dark images under different operating conditions of
the detector, for example with long and short integration
times as a measure of dark current or with long and short pixel
readout times to emulate fast and slow operating modes of the
detector. Newly identified defective pixels can be combined
with known defective pixels in a single defective pixel map.
Exemplary system and/or method embodiments herein can
provide utilities that can determine defective pixels (e.g.,
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repeatedly, intermittently, aperiodically, manually initiated)
without interrupting normal imaging operations. Further,
when a total number of defective pixels exceed a prescribed
threshold, corrective action can be taken (e.g., pixel recali-
bration, operator notification, etc.) as previously described in
U.S. Pat. No. 6,693,668.

In one embodiment, a calibration mode can be imple-
mented when a portable detector is not in use to identify
newly defective pixels. In one embodiment, if a plurality of
dark images is being generated for calibration, an interrupt
can be performed upon indication of normal imaging opera-
tions (e.g., a preparation signal). Alternatively, one method
embodiment can perform its monitoring function during nor-
mal diagnostic use by analyzing a plurality of calibration
mode dark images or a plurality of dark images obtained
before and/or after normal imaging operations (e.g., an exem-
plary patient examination image). Using methods that distin-
guish pixel-related problems, embodiments herein can pro-
vide improved monitoring of an overall calibration state of a
portable digital x-ray detector.

FIG. 5 is a diagram that shows an exemplary method
embodiment for field calibration. In one embodiment, opera-
tions in FIG. 5 can implement operations shown in operation
blocks 425-445. The sequence of events shown in FIG. 5 can
maintain good clinical image quality, e.g., radiographic
images without uncorrected defects, while improving or opti-
mizing the workflow for portable radiographic detectors. In
order to conserve portable detectors battery power, the imag-
ing array, e.g., see FIG. 2B, can be powered off when the
detector does not acquire images. However, some of the sup-
port functions, for example, some elements of the power
regulation unit 78, the wireless interface 72 and the system
sequencing and control unit 70 can be enabled or remain
powered on. Such portable detector operations can provide
challenges for obtaining good image corrections immediately
after powerup, but also can provide opportunities for identi-
fying defects without operator intervention compared with
permanent installations, which are always powered on.
Another benefit provided by certain embodiments herein is
calibration operations that require no operator intervention
can be performed more frequently. Other calibration opera-
tions, which require the operator to take x-ray exposures, can
be performed less frequently, (e.g. operation block 425), but
can be more capable in identifying all types of additional
defects. To facilitate radiographic imaging system mainte-
nance, failure analysis by service personnel, and to reduce or
prevent the system from ever using faulty images to update
defect maps, the result of each defect update operation can be
stored (e.g., in a specific bitplane of the defect map) and the
next update operation can refresh the defect map completely
(e.g., multiple bitplanes). For example, the results of the
factory defect identification (e.g., operation blocks 405 to
420) can be stored in bit plane 1 of the defect map, the results
of'operation block 425, which is performed infrequently, e.g.,
yearly, can be stored in bitplane 2, and defect updates identi-
fied from daily or weekly dark captures can be stored in
bitplane 3. In one embodiment, a defect map with 8 bits per
pixel could potentially store 8 different types of pixel defects.
During defect correction of the radiographic image, a logic
operation (e.g., an OR operation) can be applied to combine
the results from all bitplanes. For better efficiency, the OR
operation could be applied immediately after each update,
and the locations of all defective pixels are stored as a
memory access list relative to the zero position in the image.

Method embodiments shown in FIG. 5 can use the follow-
ing exemplary sequence of events for periodic updates of the
defect map. A gain calibration (operation block 511) can be
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triggered (operation block 501) based on a timer, a detector
event, e.g., drop shock, a user request or an image analysis
algorithm (e.g., an algorithm which examines the fully cor-
rected radiographic images for additional defects and triggers
a new calibration when the maximum allowed number of
uncorrected defects is reached, e.g., see US Patent Publica-
tion 2011-0057802). The resulting gain map can be examined
using statistical analysis to identify defects, for example as
described in ASTM Standard E2597 (operation block 512). A
temporary defect map is generated from the current defect
map and bit plane 2 can be replaced with the new defect map
obtained from the gain map (operation block 513). All bit
planes of the temporary defect map can be combined in an OR
operation for defect map analysis, which can determines
whether certain criteria for the defect map are met, for
example with respect to the total number of defects, number
of defective rows and columns, maximum defect cluster size
and other criteria (operation block 514). If the new defect map
passes all or selected criteria (operation block 515), the exist-
ing defect map can be replaced with the temporary map
(operation block 516). If the new defect map fails one or more
criteria, no replacement occurs and/or the user can receive a
warning, e.g., see U.S. Pat. No. 6,693,668.

As a next optional operation, the user can take flat field
images at different exposure levels (operation block 521),
which are fully gain-offset- and defect-corrected with the
existing defect map. The images can then be examined for
uncorrected defects using statistical analysis (operation block
522) and a new temporary defect map can be generated from
the existing defect map, where bit plane 3 can be replaced
with the newly identified defects (operation block 523).
Defect map analysis and disposition are performed (operation
blocks 524, 525, 526) as described above for bit plane 2. In
one embodiment, at the end of these operations, the timer for
gain calibration (operation block 501) can be reset and all
calibration triggers are cleared.

The second calibration event (operation block 531), dark
calibration, can be on a second timer, and can be performed
more frequently than gain calibration without user interven-
tion or disruption of the normal clinical workflow. The event
can again be triggered by a timer, detector event, e.g., drop
shock, a user request or an image monitoring algorithm. The
event can include at least one set of dark captures (operation
block 541), but two to four different dark acquisition
sequences may be used to find all types of new defects.
Examples of exemplary suitable sets of dark captures are
described farther below. In one embodiment, after the dark
calibration event was triggered (operation block 531), the
system sequencing and control 70 can check that the detector
is idle and initiate the first set of dark captures (operation
block 541). If the user interrupts the sequence to take radio-
graphic images (operation block 542), the detector can be
returned to its regular operating state and the calibration step
is aborted. After some specified times elapsed, the detector
tries again to execute the calibration (operation block 543). At
the end of the image capture, statistical analysis is performed
on the captured images to identify defects (operation block
544). The results can be added to temporary defect map
(operation block 545). Additional sets of dark images (opera-
tion blocks 551, 561) can be acquired immediately after the
first operation finishes (operation block 531) or after another
timer expired. With the second option, the user can take
radiographic images between the calibrations (operation
block 541, 551, 561). Dark capture (operation blocks 551,
561) and defect identification (operation blocks 554, 564) and
the new temporary defect map can now be the result of at least
one OR operation of the defect location from multiple dark

20

35

40

45

10

captures (operation blocks 555, 565). The second calibration
event can be repeated for several more sets of dark image
captures. FIG. 5 shows an example with three different sets of
dark captures. After all sets of dark captures are complete, a
temporary defect map is generated from the current defect
map and bit plane 4 can be replaced with the new defect map
obtained from the dark captures (operation block 573). All bit
planes of the temporary defect map can be combined in an OR
operation for defect map analysis (operation block 574) and
the disposition of the new defect map can be performed
(operation blocks 575, 576) as described above for gain
defects.

Certain exemplary embodiments described herein in FIGS.
6-8 can use the charge trapping behavior of amorphous sili-
con to identity defective pixels in an imaging array of a digital
radiographic detector. Such exemplary method embodiments
for defect identification for a digital radiographic detector can
be implemented using embodiments of apparatus shown in
FIGS. 1-2; however, methods of FIGS. 6-8 are not intended to
be limited thereby.

One contribution of the dark current can be due to the
carrier emissions from the electronic states within the band-
gap of the disordered solid such as amorphous silicon. In
steady-state equilibrium, the average number of carrier emis-
sions is fairly constant through time, which manifests itself as
a constant dark current level. When the bias across the pho-
tosensor is changed, the equilibrium state of the photosensor
is perturbed. The probability of carrier occupation of the
electronic states within the bandgap can also be changed. This
prompts a change in the number of carriers emitted and is
manifested as transient current. Since the number of emitted
carriers is related to the electronic state distribution within the
bandgap, depending on the quality of the material (e.g. how
defective the material is compared to single crystal silicon),
the behavior of the transient current can be indicative of the
quality of the photosensor and consequently the pixel. This
information can then be used to identify defective pixels (e.g.,
autonomously).

In one embodiment, differences in dark images can be
induced by powering up a digital radiographic detector,
which leaves charge trapped in the defect states within the
bandgap. Different amounts of charge get released while the
detector is taking the first few images after powerup before
the trap occupancy reaches an equilibrium. In clinical set-
tings, the imaging array of a portable DR detector is usually
turned off or powered down between patient exposures to
conserve battery power. Further, the time between exposures
can be, for example, as short as 15 seconds or as long as
several days. Thus, exemplary method embodiments of FIGS.
6-8 can be well suited for operating sequences of such por-
table DR detectors.

As shown in FIGS. 6-8, the imaging array of the detector
can be powered up and a plurality (e.g., 3 or more) of dark
images are captured. The bias voltage of the photosensor,
Vbias=Vcathode-Vreference (e.g., see FIG. 2B), can be con-
trolled during powerup of the imaging array, while the power
supplies to the photosensor and the readout TFTs are
switched on, such that the trap occupancy at the start of the
imaging cycle can be repeatable regardless of how long the
imaging array was powered off since the last capture. An
initial state of Vbias is indicated in FIGS. 6-8. To achieve low
lag in imaging and predictable behavior immediately after the
imaging array is powered on, the detector can perform one or
more refresh cycles before each image capture (e.g., image
capture can include dark and exposed images). In one
embodiment, the refresh cycle manages the occupancy of the
traps by alternating an operation that fills the traps and an
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operation that empties the traps. During the fill period, Vreset
and/or Vbias can be controlled to produce a net photosensor
bias Vbias=Vcathode-Vreference=Vfill that can be either
forward biased or less reverse biased (e.g., than a photosensor
bias during exposure) to fill a significant fraction of traps in
the photosensor. During the spill period, Vreset and/or Vbias
can be controlled (e.g., switched) to return the photosensors
to the spill voltage Vspill. During the Vspill period, a large
fraction of the traps emit charge and the charge can be
removed through both terminals of a photosensor (e.g., an
anode and a cathode of the photodiodes). For certain exem-
plary fill and spill cycles, the net trap occupancy of the pho-
tosensors after one or more fill and spill cycle can be inde-
pendent of the initial state of the photosensors. During each
setting of Vbias (fill or spill), the row select voltage of each
gate line can be switched once to establish a conducting state
in the row select TFT. This serial addressing continues for all
the gate lines in the array. However, in alternative embodi-
ments all gate lines can be switched on at once during the reset
operation and in other embodiments several gate lines can be
switched on at the same time to perform a scrolling reset of
blocks of gate lines through the imaging array. In one embodi-
ment, total time used for a single fill and spill cycle can be in
the range of 10 ms to 500 ms.

Exemplary Vbias settings during the refresh cycle are
shown in FIGS. 6-8. After finishing the refresh cycle(s), the
panel can integrate charge in the photo sensor (e.g., dark or
exposed) and a TFT read-out of the charge can occur. FIGS.
6-8 show exemplary image capture cycles with two or three
individual image captures. After the final capture, the imaging
array can be powered down, e.g., all supply voltages are
switched off in a controlled fashion. Embodiments with two
or three images can correspond to capturing an exposure with
one or two post-dark images for offset correction. However,
any number of dark images larger than one is suitable for the
identification of new defects. Further, the refresh cycle can be
implemented using different methods, e.g., refresh with an
illumination, a backlight or a fill and spill cycle followed by a
short integration and readout.

FIG. 6 is a logic flow diagram that shows another exem-
plary method embodiment for defect identification from dark
calibration images for a digital radiographic detector. As
shown in FIG. 6, the imaging array of the detector is powered
down, but the processor, e.g., FPGA, for system sequencing
and control can be active. The detector receives a signal (e.g.,
operation block 531, FIG. 5) to start a dark calibration. In one
embodiment, operations of the imaging array can be con-
trolled using a set of registers. The processor can temporarily
change the registers to achieve special modes of detector
operation including operating modes useful for identifying
defects (e.g., calibration mode, step operation block 610).
These special sets of register settings can be stored on non-
volatile memory on the detector or be downloaded froma host
computer on initiation of the calibration. After the calibration
operation is finished, the processor can re-store the registers
for normal operation (operation block 665).

While the imaging array is powered up (operation block
615), Vbias can be set at the same level as for normal opera-
tions (Vbias Start). Then N refresh cycles can be performed
(operation block 620) before taking a first dark image (opera-
tion block 635) (e.g., integration (operation block 625) and
readout (operation block 630). Then, M refresh cycles can be
performed (operation block 640) before taking a second dark
image (operation block 655) (e.g., integration (operation
block 645) and readout (operation block 650). As described
herein, N and M can be any positive integers, and M can be
equal to N. FIG. 6 shows N=3 and M=2. Optionally, the cycle
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can be repeated for additional dark images such as a third dark
image (not shown in FIG. 6). Then, the imaging array of the
radiographic detector can be powered down (operation block
660) and the processor restores the register settings such as
for normal operations (operation block 665).

A dark difference image I can then be determined (opera-
tion block 670). The dark difference image (DDI) I can be
determined by the difference between the first dark image and
the second dark image (or the average of dark images 2 and 3,
etc.). This dark image can be subjected to defect identification
(operation block 675) (e.g., see FIGS. 9A-9B). It should be
noted that different instances of this sequence can be run at
different timing or with different integration periods (e.g., see
FIG. 10A) and that the images captured could be used for
other calibration purposes, for example offset adjustments for
exposures as described in US7832928B2. Those skilled in the
art will recognize that dark difference images captured in this
manner during continuous operation of the detector (e.g., a
sufficiently long time after power-up) would reveal few addi-
tional defects. However, the inventors determined when
exemplary embodiments include powerup, defect identifica-
tion is effective.

FIG. 7 is a logic flow diagram that shows yet another
exemplary method embodiment for defect identification from
dark calibration images for a digital radiographic detector. As
shown in FIG. 7, even more new defects can be identified
when the mode of operation is changed significantly for at
least one of the dark image captures. For the first two dark
images for the embodiment in FIG. 7, operations and Vbias
settings match those shown in FIG. 6 except that two refresh
cycles are performed (operation blocks 720, 740) before both
the first dark capture and the second dark capture. For the
third dark capture, however, both fill cycles are replaced by
another spill cycle (operation block 760), e.g., Vbias can be
kept at the regular operating point during the entire refresh
operation. The different refresh operation can change the trap
emission during the third dark capture significantly, such that
the difference between dark image 2 (operation block 755)
and dark image 3 (operation block 775) that generates the
dark difference image DDI (operation block 780) is quite
large. Then, the imaging array of the radiographic detector
can be powered down and the processor restores the register
settings such as for normal operations as described for FIG. 6.
Test data show the embodiment of FIG. 7 mode of operations
can be as effective at identifying new defects (operation block
785) as an analysis of the gain map for new defects following
a gain calibration (operation block 512, FIG. 5).

FIG. 8 is a logic flow diagram that shows another exem-
plary method embodiment for defect identification from dark
calibration images for a digital radiographic detector. As
shown in FIG. 8, dark signal differences induced by charge
injection at power up can be used to determine defective
pixels. Calibration initiation (operation block 610') and
power-up of the imaging array (operation block 615) can
occur as shown in FIG. 6. However, in operation block 610",
the register settings on the digital board can be changed such
that the detector runs without a refresh mode (e.g., no refresh
cycles) and that the bias voltage at powerup (e.g., represents
photodiode bias (e.g., 0 volts)) can inject charge into the
photodiode at powerup. Then three dark images can be cap-
tured (operation blocks 835, 855, 875) including integration
(operation block 625) and readout (operation block 630). In
this scenario, significant amounts of trap charge can be inte-
grated during each dark capture. However, the trap charge
emission follows a stretched exponential decay function,
such that large differences between the dark images can be
observed. In fact, the photosensor usually gets saturated dur-
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ing the first dark capture such that images 2 and 3 can be
preferably used for analysis of defects. After power down
(operation block 660), the processor can restore the register
settings such as for normal operations (operation block 665).
The dark difference image, DDJ, is calculated using the dif-
ference between the second dark image and the third dark
image after powerup (operation block 880). Test data show
the embodiment of FIG. 8 can be as effective at identifying
new defects (operation block 885) as the analysis of the gain
map after gain calibration.

FIG. 9A and FIG. 9B show exemplary embodiments of the
defect identification operations for a digital radiographic
detector. Both method embodiments can identify pixels that
differ from surrounding pixels in some characteristic. How-
ever, other methods known in the art can be employed for this
operation, for example simple threshholding of dark images
with allowed lower (e.g., minimum) and upper (e.g., maxi-
mum) values. As shown in FIG. 9A, a process can start by
obtaining a dark difference image DDI (operation block 930).
Next, a robust standard deviation, s, of the dark difference
image DDI can be calculated (operation block 935) using
methods of robust statistics known in the art, such as trimmed
estimators that exclude some percentile of the highest and
lowest pixel values. In one exemplary embodiment, the robust
standard deviation, can be determined by dividing the DDI
into X by X or 16x16 pixel tiles or groups (e.g., X can be a
number other than 16) and calculating the standard deviation
of each of the tiles. The robust standard deviation s of the DDI
is equal to the median of the standard deviations of the indi-
vidual tiles. Then, a median-filtered image M can be deter-
mined from the DDI (operation block 940), for example, by
applying a Y by Y or 9x9 median filter (e.g., Y can be a
different size or not a square) to the dark difference image.
Then, defective pixels can be determined at each pixel loca-
tion j,k: when abs (Ij,k-Mj,k)>threshold t1=10%*s, the pixel
can be marked as defective (operation block 945). However,
the threshold t1 can be different from 10. Alternatively,
simple differences between the pixel value and the median
can be used instead of the absolute value to find pixels that
either differ by more than the threshold standard deviation, or
those that fall below the standard deviation threshold.

In the embodiment shown in FIG. 9B, after a dark differ-
ence image DDI is obtained (operation block 930), a median
filter can be applied to the DDI to generate the median-filtered
image M (operation block 940), and a pixel is marked as
defective when abs (Ij,k-Mj,k)>threshold t2=0.2 Mj k, e.g.,
when the pixel value deviates from the median by more than
a fraction t2>0 of the median (operation block 950). Further,
the threshold t2 can be different from 0.2. Again simple
differences between the pixel value and the median can be
used instead of the absolute value to find pixels that either
differ by more than the threshold fraction t2 of the median, or
those that fall below the fraction threshold t2 of the median.
As shown in FIGS. 9A-9B, a median filter and/or robust
standard deviation can include or exclude the center pixel
thereof.

FIGS. 10A and 10B are flow charts that show exemplary
method embodiments for defect identification for calibration
of a digital radiographic detector. These method embodi-
ments for defect identification for a digital radiographic
detector can be implemented using embodiments of appara-
tus shown in FIGS. 1-2; however, methods of FIGS. 10A-10B
are not intended to be limited thereby.

Certain exemplary embodiments described herein can use
the differences in dark current to identify defective pixels in
an imaging array of a digital radiographic detector. Initiation
of the dark calibration and powerup of the imaging array
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shown in FIG. 10A can be similar to FIG. 6. A sequence of
operations of the detector including refresh cycles, integra-
tion and read-out can also be similar to FIG. 6. After the
detector is powered up (operation block 1010), a plurality
(e.g., 2,3, 5,7, 40, etc.) of dark images are captured with
varying integration times among the captured dark images to
be compared (e.g., to detect dark current differences that are
indicative of defective pixels). According to FIG. 10A, a first
dark image (operation block 1015) and then a second dark
image can be taken at a first integration time (operation block
1020). Then, a third dark image with the second integration
time can then be taken (operation block 1025) and a dark
difference image DDI is calculated between the second and
third dark image. Power-down operations, determination of
the dark difference image DDI (operation block 1030) and/or
defect identification (operation block 1035) can be similar to
FIG. 6.

Alternatively, as shown in FIG. 10B, in one embodiment,
pixels having abnormal dark current can be identified as fol-
lows. For example, the dark difference image DDI can be the
difference between first dark images after power-up of the
detector (e.g., including N refresh cycles) for the first (long
integration) and second (short integration) integration times.
As shown in FIG. 10B, after the detector is powered up
(operation block 1010), a first dark image can be taken at a
first integration time (operation block 1015), and the detector
can be powered down. Again (e.g., after a preset delay, or
period without use), the detector can be powered up, a second
dark image can be taken at a second integration time (opera-
tion block 1020) and a dark difference image DDI is calcu-
lated between the first and second dark image. Power-down
operations, determination of the dark difference image DDI
(operation block 1030) and/or defect identification (operation
block 1035) can be similar to FIG. 6.

FIG. 11 is a flow chart that shows another exemplary
method embodiment for defect identification for calibration
of'a digital radiographic detector. The embodiment of FIG. 11
can be used when the detector supports, in addition to regular
projection radiography with slower image capture rates,
applications that require fast acquisition of large numbers of
images, e.g., tomosynthesis, cone beam CT and/or fluoros-
copy. For such fast acquisition applications, the portable
detector would be tethered and operate in a continuous mode.
FIG. 11 shows an exemplary dark calibration for defect iden-
tification in such modes. The registers for calibration are set
up and the detector can be powered up (operation block
1110). Then N (N is an integer greater than 1) dark images can
be taken and discarded to get the detector into a stable oper-
ating mode (operation block 1115). For practical reasons, to
keep the calibration time to a minimum, N can preferably be
below 100. Exemplary image capture cycles for such fast
operations can at least include read-out (operation 630 in FIG.
6) as for fluoroscopy; image capture cycles can additionally
include integration (operation 625 in FIG. 6) or the full
sequence as shown in FIG. 6 with refresh, integration and
readout. Then, a first dark image can be taken with a long TFT
ON time during read-out (operation block 1120) e.g., 6 times
the TFT response time, and a second dark image can be taken
with a short TFT ON time during read-out (operation block
1125),e.g., 1 timethe TFT response time. Both times can vary
(operation block 1120, 1125) and various method embodi-
ments work as long as the TFT on times are different in both
cases. Power-down operations, determination of the dark dif-
ference image DDI (operation block 1130) and/or defect
identification (operation block 1135) and restoration of the
register settings for regular image captures can be similar to
FIG. 6.
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FIG. 12 is a plan view that shows a portion of a clinical
image from FIG. 3 corrected using an embodiment of a defect
map update generated from dark image characteristics of
pixels (e.g., DDI). As shown in FIG. 12, there are no visible
defects.

Certain exemplary embodiments can implement improved
or more accurate defect detection for calibration by using
various combinations of defect detection methods shown in
FIGS. 5-8 and 10A-11, respectively. For example, for
improved defect detection, the system 100 can perform one of
the methods of FIGS. 5 and 7, and then an embodiment of the
method shown in FIG. 8. In each case, an overall defect map
update can be formed by logically OR-ing the results (e.g.,
defect maps) from the different options (e.g., if any of the
maps has an entry of 1 at a pixel location, the overall defect
map update has an entry of one). In certain exemplary
embodiments, such a defect map update can be kept separate
from the factory defect map.

Further, as described herein, before or during defect cor-
rection, the factory defect map can be combined with (e.g.,
logic OR) the current defect map update. Further, when defect
identification from dark images is run the next time according
to embodiments herein, the defect map update is preferably
replaced with the new results.

Certain exemplary embodiments herein address and are
advantageous for wireless, portable digital x-ray detectors
that can be powered off while no images are taken (e.g., to
conserve battery power). Further, exemplary embodiments
herein can be performed to update defect detection and/or
form defect map updates without user intervention, which can
provide efficient workflow because these detectors experi-
ence more rough handling (e.g., mechanical stress) than per-
manent installations (e.g., X-ray detectors in a bucky or radio-
graphic table installation) and thus require more frequent
calibration. In addition, an algorithm can be used in combi-
nation or alone for the detectors to check whether the updated
defect map or overall defect map exceeds a pre-determined
threshold for number size and concentration of defects mak-
ing the detector unsuitable for medical diagnostic or indus-
trial use. In such case, the software can optionally disable the
detector, display a warning message on the host computer 80
or provide a visible indicator on the detector itself, for
example, by changing the color of a light-emitting diode.

Exemplary method/apparatus embodiments herein can be
implemented in computer and other control logic processor
hardware and supporting storage media that are associated
with radiographic system 100. This can include control logic
functions that are executed by host computer 80 in coopera-
tion with control logic processor 70 (e.g., see FIG. 1) and,
optionally, additional embedded processors, such as micro-
processors that are part of DR detector 10. In this context,
cooperation between the computer and control logic proces-
sor 70 means, for example, that these devices communicate
via a wired or wireless protocol. As part of this cooperation,
logic control signals can originate at the host as well as at the
embedded processors. Some part or all of the computations
can be shared, performed on both the host computer and the
embedded processors, or may be executed on either of them.
Exemplary embodiments may also be embodied in the form
of computer program code containing instructions embodied
in tangible media, such as various forms of magnetic or opti-
cal storage media, hard drives, or any other computer-read-
able storage medium, where, when the encoded instructions
are loaded into and executed by a computer or other logic
processor, the computer or other processor becomes an appa-
ratus for practicing exemplary embodiments or implementing
method embodiments. Exemplary embodiments can also be
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embodied in the form of computer program code, for
example, whether stored in a storage medium, loaded into
and/or executed by a computer or processor, or transmitted
over some transmission medium, such as over electrical wir-
ing or cabling, through fiber optics, or via electromagnetic
radiation, where, when the computer program code is loaded
into and executed by a computer or other type of logic pro-
cessor, the computer or processor becomes an apparatus for
practicing exemplary embodiments or implementing method
embodiments. When implemented on a general-purpose
computer, processor, or microprocessor, the computer pro-
gram code segments configure the computer, processor, or
microprocessor to create specific logic circuits.

Various thresholds that are described herein can be empiri-
cally determined or can be functions of a statistical measure.
The calibration and defect metrics can be stored on the on-
board control logic processor 70 or on host computer 80,
along with various ancillary system data, such as any of a
time, system operator, system name, detector serial number,
location, temperature, and shock and vibration values. These
parameters can be part of the image metadata that can origi-
nate from the detector itself, e.g., temperature and shock data
or detector ID/serial number, and other data relating to the
operation of the panel, or from the host computer. Many of the
image metadata stem from interactions of the user with the
host computer, e.g., the detector ID when the detector is first
registered on the computer, the name or operator ID, the type
of examination to be performed, and the exposure technique
for the examination. Image metadata can be stored together
with the images in a permanent image archive, such as con-
trolled through a networked host, and/or on the host computer
itself.

The term “set”, as used herein, refers to a non-empty set, as
the concept of a collection of elements or members of a set is
widely understood in elementary mathematics. The term
“subset” as used herein refers to a non-empty subset of a set
having one or more members. For a set S, a subset may
comprise the complete set S (improper subset) or may have
fewer members than the complete set S (proper subset).

In one embodiment, digital radiographic imaging detectors
can include thin-film elements such as but not limited to
thin-film photosensors and thin-film transistors. Thin film
circuits can be fabricated from deposited thin films on insu-
lating substrates as known to one skilled in the art of radio-
graphic imaging. Exemplary thin film circuits can include
amorphous-silicon devices such as a-Si PIN diodes, schottky
diodes, MIS photocapacitors, and be implemented using
amorphous semiconductor materials, polycrystalline semi-
conductor materials such as silicon, or single-crystal silicon-
on-glass (SiOG). Certain exemplary embodiments herein can
be applied to digital radiographic imaging arrays where the
DR detector is a flat panel detector, a curved detector or a
detector including a flexible imaging substrate.

In accordance with one embodiment, a radiographic detec-
tor is provided that can include a computer operable during
normal diagnostic use of the detector for accessing a digital
image including digital image data of the detector; a defect
calibration map comprising a single file including a plurality
bitplanes, the bitplanes comprising, a first bitplane configured
to store a factory calibration, at least one second bitplane
configured to store a second operator updated calibration that
is repeatedly updated, and at least one third bitplane config-
ured to store a third calibration update that is repeatedly
updated without the operator, where the at least one third
bitplane is updated more frequently than the at least one
second bitplane, the defect calibration map is accessible to the
computer. In one embodiment, defect map updates can be
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generated from imaging procedures such as dark imaging,
diagnostic image captures and flat field imaging procedures
(e.g., calibration procedure used for other purposes such as
but not limited to gain calibration).

While the invention has been illustrated with respect to one
or more implementations, alterations and/or modifications
can be made to the illustrated examples without departing
from the spirit and scope of the appended claims. In addition,
while a particular feature of the invention can have been
disclosed with respect to at least one of several implementa-
tions/embodiments, such feature can be combined with one or
more other features of the other implementations/embodi-
ments as can be desired and advantageous for any given or
particular function. The term “at least one of” is used to mean
one or more of the listed items can be selected. The term
“about” indicates that the value listed can be somewhat
altered, as long as the alteration does not result in nonconfor-
mance of the process or structure to the illustrated embodi-
ment. Finally, “exemplary” indicates the description is used
as an example, rather than implying that it is an ideal. Other
embodiments of the invention will be apparent to those
skilled in the art from consideration of the specification and
practice of the invention disclosed herein. It is intended that
the specification and examples be considered as exemplary
only. The scope of the invention is indicated by the appended
claims, and all changes that come within the meaning and
range of equivalents thereof are intended to be embraced
therein.

What is claimed is:

1. A method for monitoring the state of calibration of a
digital x-ray detector, the detector comprising a solid state
sensor with a plurality of pixels, a scintillating screen and at
least one embedded microprocessor, the method comprising
using a signal processing device, comprising:

setting a calibration operating mode of the detector includ-

ing setting a voltage bias of the plurality of pixels at a
first voltage level;

capturing a plurality of dark images in the calibration mode

while maintaining the voltage bias of the plurality of
pixels at the first voltage level;

resetting the voltage bias to a second voltage level different

from the first voltage level only after the step of captur-
ing the plurality of dark images;

determining a dark difference image between two captured

dark images that were captured last in time of the cap-
tured plurality of dark images; and

identifying defective pixels in the dark difference image

that differ by over at least one preselected threshold
deviation amount from other pixels in the dark differ-
ence image.

2. The method according to claim 1, where the two dark
images have different integration times.

3. The method according to claim 1, comprising:

turning on an imaging array of the detector; and

performing an initialization operation to inject charge into

the pixels of the imaging array.

4. The method according to claim 1, where identifying
pixels comprises:

determining a local median at each pixel location in the

dark difference image; and

determining a pixel is defective when a threshold measure

between the local median at a pixel location and a pixel
value at the pixel location in the dark difference image is
exceeded.
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5. The method according to claim 4,

wherein the threshold deviation amount is a fraction of the

median image or where the threshold deviation amount

is a fraction of the robust standard deviation of the
image.

6. The method according to claim 4, where the local
median is determined using a median filter that is a set of 4
adjacent pixels, a set of 8 adjacent pixels, a subset of adjacent
pixels, a filter of a prescribed size, a X-by-X square filter
where X is an integer greater than 2, a X-by-Y rectangular
filter where Y is an integer greater than 2 and not equal to X.

7. The method according to claim 1, comprising initiating
the calibration mode occurs after detected shock events to the
detector, periodically, after a set number of exposures of the
detector have been taken, after a time has elapsed, based on
temperature, or by operator action.

8. The method according to claim 1, comprising;

replacing a current updated defect map with the newly

identified defective pixels to generate a replacement
updated defect map; and

combining the replacement updated defect map with a

factory defect map.

9. The method according to claim 1, comprising correcting
portions of radiographic images for any identified defective
pixels.

10. The method according to claim 1, comprising:

powering up the imaging array of the detector;

obtaining at least one of:

a first dark difference image using two dark images
obtained with different integration times;

a second dark difference image using two or more dark
images obtained by performing N initialization cycles
before a first of the two or more dark images and by
performing M initialization cycles before a second of
the two or more dark images, where M and N are
positive integers and the initialization cycles com-
prises at least one fill and one spill cycle;

a third dark difference as the second dark difference but
with a different integration time;

a fourth dark difference image using at least two dark
images obtained by performing an initialization
operation to inject charge into the pixels;

a fifth dark difference image using more than one dark
image obtained by performing a first refresh operation
before a first of the more than one dark image and a
second refresh operation before a second of the more
than one dark image, where the second refresh opera-
tion is different from the first refresh operation;

powering down the detector between all sets of dark

images; and

identifying defective pixels using one or more of the first

through the fifth dark difference image.

11. The method according to claim 10, where a pixel is
identified as defective when a combination of two or more of
the first dark difference image through the fifth dark differ-
ence image identify the pixel as defective.

12. The method according to claim 1, where at least one of
the two captured dark images comprises combined values or
averaged values of multiple dark images obtained under the
same conditions, further comprising correcting the two dark
images for defect, where the signal processing device is a
computer or an embedded microprocessor.

13. A system for monitoring the state of calibration of a
digital x-ray detector, the detector comprising a solid state
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sensor with a plurality of pixels and at least one embedded
microprocessor, the system comprising:

a computer operable during normal diagnostic use of the
detector for accessing a digital image including digital
image data of the detector;

the at least one embedded microprocessor configured to set
a calibration operating mode of the detector including
setting a voltage bias of the plurality of pixels at a first
voltage level;

means for initializing the portable detector in the calibra-
tion mode and capturing a plurality of dark images in the
calibration mode while maintaining the voltage bias of
the plurality of pixels at the first voltage level;

means for resetting the voltage bias to a second voltage
level different from the first voltage level only after
capturing the plurality of dark images; and

the at least one embedded microprocessor or the computer
configured to determine a dark difference image
between two captured dark images that were captured
last in time of the captured plurality of dark images and
identify defective pixels in the dark difference image
that differ by over a threshold amount from other pixels
in the dark difference image.

14. The system according to claim 13, where the detector is
portable, comprising a scintillating screen, a battery and sup-
porting a wireless link to the computer, where the means for
initializing powers up the digital x-ray detector.

15. The system according to claim 13, where the detector
comprises:

at least one shock sensor for monitoring mechanical shock
to the detector, and the system further comprises means
for alerting a system user to conduct a calibration of the
detector when a preselected shock threshold value has
been exceeded.

16. A calibration system for monitoring the state of cali-
bration of a radiographic detector, the detector comprising a
solid state sensor with a plurality of pixels and at least one
embedded microprocessor, the detector comprising:

a computer operable during normal diagnostic use of the
detector for accessing a digital image including digital
image data of the detector;

a defect calibration map comprising a single file including
a plurality of bitplanes, the bitplanes comprising,

a first bitplane configured to store a factory calibration,

at least one second bitplane configured to store a second
operator updated calibration that is repeatedly
updated, and

at least one third bitplane configured to store a third
calibration update that is repeatedly updated without
the operator,

where the at least one third bitplane is updated more
frequently than the at least one second bitplane, where
the defect calibration map is accessible to the com-
puter.
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17. The calibration system of claim 16, where the at least
one second bitplane comprises one bitplane to store a flat field
defect map update generated from a flat field calibration
procedure and another bitplane to store a gain defect map
update generated from a gain calibration procedure, and
where the at least one third bitplane comprises one bitplane to
store one defect map update generated from a first dark image
procedure and another bitplane to store a defect map update
generated from a second different dark image procedure,
where a composite defect calibration map is generated from
logically combining the first bitplane, the at least one second
bitplane, and the at least one third bitplane, and where each
bitplane comprises an ordered array.

18. A method of operating a digital radiographic detector
comprising an array of imaging pixels, the method compris-
ing:

powering up the array of imaging pixels;

obtaining a first dark difference image using two dark

images each obtained using a different integration time,
wherein the integration time is a time duration during
which accumulated charges in the imaging pixels caused
by a radiographic exposure are measured, and wherein
the first dark difference image is determined using the
difference between the two dark images;

powering down the detector after obtaining said first dark

difference image; and

identifying defective pixels in the array of imaging pixels

using said first dark difference image.

19. The method according to claim 18, further comprising:

obtaining a second dark difference image using a pair of

dark images obtained by performing N initialization
cycles before obtaining a first of the pair of dark images
and by performing M initialization cycles before obtain-
ing a second of the pair of dark images, wherein M and
N are positive integers, and wherein each of the initial-
ization cycles comprise at least one fill and one spill
cycle, wherein the second dark difference image is deter-
mined using the difference between the pair of dark
images; and

obtaining a third dark difference image determined using

the difference between the pair of dark images wherein
the pair of dark images are each obtained using a differ-
ent integration time,

wherein the step of powering down the detector is per-

formed after obtaining each of the first, second, and third
dark difference images, and

wherein the step of identifying defective pixels includes

using at least two of the first, second, and third dark
difference images.

20. The method according to claim 19, further comprising
determining row and column locations of all defective pixels
in the array of imaging pixels relative to a zero position in the
array.



